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Eukaryotic cilia and flagella are remarkable machines that serve a variety of sensory and motile functions. Interest in these organelles has expanded recently as their assembly and function have become associated with a number of human diseases, including polycystic kidney disease and Bardet-Biedl syndrome [1, 2] . Essential for the construction of cilia and flagella is the process known as intraflagellar transport or IFT.
First identified in the green alga Chlamydomonas reinhardtii [3] , IFT consists of long trains of proteinaceous particles that are moved out to the distal tip by kinesin-2 (anterograde IFT) and moved back toward the cell body by cytoplasmic dynein 1b/2 (retrograde IFT) [4, 5] . In turn, anterograde IFT particles supply precursors that are used to assemble the axonemal cytoskeleton, while retrograde IFT particles are responsible for removal of turnover products [6] . IFT is also required for the directed movement of other ciliary proteins including the PKDassociated qilin [7] and specific membrane channels [8] .
In the nematode, Caenorhabditis elegans, two related kinesins combine forces to drive anterograde IFT along sensory cilia [9] . Identified in a screen of mutants defective in osmotic avoidance, the homodimeric OSM-3 is exclusively expressed in a subset of ciliated neurons responsible for chemosensation [10] . Expressed in all ciliated neurons is the heterotrimeric kinesin-2, which contains two unique motor subunits, KLP-11 and KLP-20, and a third, cargo-adaptor subunit known as the kinesin-associated polypeptide or KAP [9] .
The dendritic sensory cilia of the nematode consist of three sections, with a 1 µ µm proximal segment that is the functional equivalent of a transition zone. The middle segment contains 4 µ µm doublet microtubules that lead to a distal segment of 2.5 µ µm singlet microtubules. Kinesin-2 and OSM-3 coordinate to jointly move IFT particles at 0.7 µ µm sec -1 in the middle segments, while OSM-3 alone moves the particles at a faster rate of 1.3 µ µm sec -1 along the singlet microtubules of the distal segment ( Figure 1A ) [ [11] . Separate experiments using GFP fused to either kinesin-2 or IFT particle subunits reveal that both move at the relatively slow rate of 0.5 µ µm sec -1 .
In contrast, when OSM-3 is present but kinesin-2 is absentas in kap-1 or klp-11 mutantsfull-length sensory cilia assemble while IFT particles are driven solely by OSM-3 at the faster rate of 1.2-1.3 µ µm sec -1 in both middle and distal segments ( Figure 1C ) [ Figure 1D) DYF-1 appears to be more ubiquitously distributed than OSM-3 in ciliated organisms. For example, DYF-1 is present in Chlamydomonas flagella, where IFT appears to be driven solely by a heterotrimeric kinesin-2; no OSM-3 homologue has been identified in this alga's nuclear genome. The Chlamydomonas DYF-1 gene has been shown recently to be up-regulated in response to deflagellation [15] , while a thorough proteomic analysis reveals that the DYF-1 protein is, in fact, present in the Chlamydomonas flagellum [16] . It should be especially interesting and enlightening to identify specific prenylation targets of DYF-1.
Further regulation of anterograde IFT was identified by Ou et al. [12] in the form of BBS-7 and BBS-8. BBS proteins are associated with the heritable ciliary human disorder known as Bardet-Biedl Syndrome [17, 18] . In the nematode bbs-7 (osm-12) and bbs-8 mutants, both kinesins are present in the sensory cilia but kinesin-2 moves at the slower rate of 0.5 µ µm sec -1 in the middle segment while OSM-3 moves at 1.1-1.3 µ µm sec -1 regardless of whether it is in the middle or distal segment ( Figure 1E) [12] . Thus, the anterograde IFT motors have been uncoupled. Surprisingly, the IFT particles are also uncoupled.
Previous biochemical purification has revealed that IFT particle proteins can be partitioned into two separate complexes, A and B, containing approximately six and eleven subunits, respectively [19, 20] . Until now, GFP-fused A and B subunits have always been observed moving at equivalent speeds in model organisms including C. elegans. In the nematode bbs-7 and bbs-8 mutant backgrounds, however, complex A is found only in the middle ciliary segment where it moves at the same rate as kinesin-2. In contrast, complex B moves in both ciliary segments at the faster OSM-3 rate of 1.1-1.3 µ µm sec -1 . Thus, BBS-7 and BBS-8 appear to regulate the formation of the IFT trains.
The mechanism of BBS-7 and BBS-8 regulation of IFT remains to be elucidated. Both proteins have been directly visualized in the nematode moving along with IFT particles [12, 18] . The absence of these two proteins in the Chlamydomonas flagellome, however, suggests that BBS-7 and BBS-8 are present at substoichiometric levels relative to the rest of the IFT machinery [16] . Thus, the mode of regulation by BBS-7 and BBS-8 may ultimately be catalytic.
In summary, the heterotrimeric kinesin-2 appears to be the workhorse anterograde IFT motor that drives the assembly of doublet microtubules. This kinesin-2 pathway can be modulated in a cilia-specific manner by accessory motors such as OSM-3 which drives the IFT pathway required to elongate the distal singlet microtubules. Regulators of these pathways have been identified. The BardetBiedl Syndrome proteins, BBS-7 and BBS-8, are essential in keeping IFT particles intact. A third protein, the putative prenyltransferase, DYF-1, is required for OSM-3-based transport. Future research in this area promises to be exciting as the molecular mechanisms by which these regulators function is uncovered.
